H-prune, appertaining to the DHH family of phosphoesterases, possesses a phosphodiesterase activity (PDE), which is responsible of increasing cell motility in the MDA-MB-435 breast carcinoma cell line. 1 The physical interaction between h-prune and nm23-H1, a tumor suppressor protein, enhances h-prune PDE activity and we believe that the interaction causes the subtraction of unbound nm23-H1 proteins into the cell. The latest, are known to influence negatively cellular motility, as being the first metastasis suppressor protein identified. 2 Indeed, the increase of cell motility in the breast carcinoma cell line is directly associated to h-prune PDE activity and to the complex formation with nm23-H1. 1 In order to identify the molecular mechanism responsible of this phenomenon, we have investigated to which extent the increase in cell motility was depending on the cAMP content of the MDA-MB-435 clones overexpressing h-prune protein. For this reason we have analyzed MDA-prune #3 and #4 clones 1 using a cAMP detecting immunoassay. The two MDA clones overexpressing h-prune show a reduction of ≈25% in cAMP content (Fig. 1A) , indicating that a correlation between h-prune PDE activity and increase of cellular motility of the MDA-prune clones is observed together with a reduction of free cAMP nucleotides levels in these cells.
To date through literature, none of the intracellular PDEs characterized have been associated to cell migration and metastasis, thus we investigated if the diminished cAMP levels observed into the breast carcinoma cell lines might be regulated by h-prune and any additional PDE. This analysis was performed at mRNA level on a panel of eleven PDEs using the two selected clones (MDA-C100 and MDA-prune #3) by Real Time PCR technology. As shown in Figure 1B , the most abundant expression was revealed by h-prune, thus corresponding to 70.1% of the total amount of mRNA comparing with the other PDEs genes expressed in these clones. Despite the fact that this analysis has been performed only at mRNA level, this data further suggests that the diminished levels of cAMP in those cellular models is mostly due to h-prune PDE overexpression, thus definitively induce cellular motility processes. Indeed, overexpression of PDE5A did not affect cellular motility (additional proof already presented in ref. 1) .
In Dictyostelium, during chemotaxis processes, a direct link between cAMP cellular gradient (increase and decrease in a spatially and temporary manner) and cellular motility was reported by Wessels et al. 3 How cAMP regulates and drives pseudopodal extention is shown by a model in which frontal waves of spatial gradient of cAMP, frequency of lateral pseudopodal formation and turning, direct the motility of the cell. 3 How these findings and other working hypothesis are linked to h-prune protein function in mammalian cellular motility are topics of further studies. Definitely, the overexpression of h-prune PDE green fluorescent tagged protein using FRET cAMP analysis, might shed light in which cellular micro-domain compartment, the protein together with cAMP, is active on moving cells. Example are the work reported for the definition of other PDEs-cAMP identified micro-domains with a high spatial and temporal resolution by Zaccolo et al. 4 To date, the main cause of treatment failure and death for cancer patients is metastasis. Metastatic processes require a complex set of ordered cellular functions, many of which can be initiated by multiple, redundant stimoli. Examples are acquisition of invasive ability, changes in adhesion, initiation of motility and extra-cellular matrix proteolysis. In order to verify if these molecular changes were occurring in tumor cells with an acquired high level of h-prune and nm23-H1 protein expression, we have performed a gene expression profiling analysis of breast MDA clones, overexpressing nm23-H1 alone (MDA-H1-177) and together with h-prune (MDA-H1-177-prune #8), since reported by D'Angelo et al. 1 Here we report a gene expression analysis using a 19k gene data set describing, at mRNA levels, genes found differentially expressed in breast cellular models and discuss their potential function as being key actors on changing the biology of the cell and influencing the motility processes. Statistical analysis were conducted using Cyber T-test. To exclude false positive results, data mining of micro-array results were filtered out by MANOVA software. 5, 6 A graphic cell representation is shown in Figure 2 .
In the clone overexpressing both h-prune and nm23-H1 (MDA-H1-177-prune #8), we found upregulated the phosphatidylinositol 4-kinase type II (PI 4-K) 7 (Fig. 2) , a key enzyme involved in the modelling of the actin cytoskeleton and into the activation of protein kinase C. 8 One of the major pathways of signaling in mammalian cells involves the turnover of phosphatidylinositol (PI) and the generation of diacylglycerol (DAG) for protein Kinase C (PKC) activation and inositol-1,4,5-triphospate (IP3) for intracellular Ca 2+ mobilization. PI 4-kinases convert PI into PI-4-phosphate (PI-4-P), a highly relevant intermediate in multiple phosphatidylinositide signaling pathways. The enzyme activities have been classified into type II and type III, based on their sensitivity to adenosine and wortmannin. Type II PI 4-kinases are implicated in early signaling cascades during T cell activation. In addition to their putative role in mitogenic signal transduction, PI 4-kinases are also implicated in integrin-mediated signaling mechanisms, cytoskeletal reorganization and secretion. PI-4-P and PI-4,5-P2 themselves can interact with actin-binding proteins to regulate actin polymerization. The demonstration of physical association between α3β1 integrin and PI 4-K suggests a link between integrin activation and metabolism of phosphoinositides. 9 Indeed, cell attachment is mediated by transmembrane receptors in the integrin family triggers signal transduction cascades that regulate cell proliferation, apoptosis, morphology, and cellular motility. 10, 11 We additionally observed the upregulation of 26S proteasome (Fig. 2) . Recent studies of the Smad family proteins, which are the signal transducers of the TGF-β family ligands, have revealed the ability of Smads to interact with various components of the 26S proteasome system allowing to connect with those induced by many other extracellular regulators, thereby regulating a wide range of biological activities, including motility. 12 The overexpression of h-prune in the MDA breast carcinoma clones upregulates also the expression of Nedd4 binding protein 2 (N4BP2) (Fig. 2) . The N4BP2 protein was identified by yeast two-hybrid screening and its full-length protein was referred to as BCL-3-binding protein. 13 Several additional studies showed a correlation of bcl-3 induction in epithelial Na + transport processes.
Furthermore, plastins, members of a family of actin-binding protein which exhibit a tissue-specific expression pattern were found upregulated (Fig. 2) . L-plastin, which is specifically expressed in hematopoietic cell lineage, involved in the control of cell adhesion and motility was found upregulated in the clones with high motility properties (MDA-H1-177-prune #8). This protein is also frequently expressed in cell lines derived from mammary solid tumors and therefore might be involved in cancer invasion and metastasis. One example are the experiment performed by Zheng et al. 14 where they demonstrated the suppression of prostate carcinoma cell invasion by expression of antisense L-plastin gene.
In addition, the small GTPase Rab1b results upregulated as the consequence of the overexpression of both h-prune and nm23-H1 (Fig. 2) . Rab1b is essential for the transport from endoplasmic reticulum (ER) to Golgi. The secretory pathway in mammalian cells consists of a linear assembly of dynamic compartments. Transport and recycling between these compartments occur through generation of intermediates from the donor compartment and the delivery of such intermediates to the appropriate acceptor compartment. In the early secretory pathway, two isoforms of Rab1, Rab1a and Rab1b, have been shown to be required for protein transport from the endoplasmic reticulum (ER) to the cis-Golgi. 15 Rabs have been proposed to act in a variety aspects of vesicular transport, including vesicle formation, motility, docking, and fusion. However, despite considerable advances in the discovery of some ot its molecular mechanisms, the exact role of Rab function remains to be completely deciphered. An additional protein, Ras a small guanosine triphosphate-binding protein, was found upregulated (Fig. 2) . This protein plays an important role in signal transduction pathways that influence cellular proliferation, apoptosis, cytoskeletal organization, and other important biological processes. [16] [17] [18] Ras mutations that result in constitutive activation of the Ras pathway are common in certain human cancers, and transfection of cell lines with mutant Ras induces tumorigenesis.
In the MDA clone, with an increased level of motility (MDA-H1-177-prune #8), upregulation of Impedes Mitogenic signal Propagation (IMP), previously reported as a BRCA1-interacting protein 2 (Brap2), has been also observed (Fig. 2) . The IMP is a Ras effector that negatively regulates MAP kinase activation by limiting the formation of Raf-MEK complexes. 19 The protein was identified by its ability to bind to the nuclear localization signal of BRCA1. This latest protein, located into the cytoplasm, regulate negatively nuclear targeting transport by retaining proteins with a nuclear localization signal into the cytoplasm.
Among the genes upregulated in the MDA-H1-177-prune #8 we additionally have found a novel casein kinase 2 interacting protein, designated CKIP-1 (Fig. 2) . 20 CKIP-1 is a new component of PI3-K signaling in muscle differentiation. This protein additionally might regulate Casein Kinase (CK2) function, an essential, highly conserved, serine/threonine protein kinase present in all eukaryotic cells. Indirectly, CKIP-1 overexpression by binding to CK2 regulate a broad range of cellular proteins located in a variety of cellular compartments overall influencing transcription, translation, morphogenesis, and cell cycle progression.
Moreover, four genes, involved in extracellular matrix contacts and cellular adhesion (plakophilin, LIM), cytoskeleton reorganization (plakin) and in the oncosuppressor activity (EXT1), were found down regulated in the MDA-H1-177-prune #8 clone (Fig. 2) .
Desmosomes (DMs) are specialized cadherin-mediated adhesion complexes showing stability and rigidity to tissues under mechanical stress. These structures are dynamic and continual renewal of stratifying epidermis layers involves both rapid synthesis and degradation of cellular junctions. Desmosomal adhesion may be compromised in invading and transitional metastases cell carcinomas, leading to a possible tumor suppressor function of desmosomal attachment 21, 22 demonstrated that lack of plakophilin 1 increases keratinocyte migration and reduces desmosome stability, thus indicating a undoubted role of plakophilin in cell adhesion mechanisms.
One of the major signaling pathways involved in tumor metastasis is the Rho/ROCK/LIM kinase pathway, involved in the regulation of the actin cytoskeleton. 23 The skeletal muscle LIM protein 1 (SLIM1) localizes in an integrin-dependent manner to the nucleus and focal adhesions where it functions downstream of integrin activation to promote cell spreading and migration. LIM expression is downregulated in the clones analyzed (MDA-H1-177-prune #8), indicating an alteration in a pathway correlated to cell migration.
Among the molecular mechanisms changes in gene expression in the MDA clones due to h-prune and nm23-H1 overexpression, we observed downregulation of plakin, appertaining to the family of adhesion junction plaque proteins, involved in the extracellular matrix contacts. 24 Supporting the hypothesis of the contribution of h-prune to the higher oncogenic potential of the MDA breast carcinoma cell line analyzed (MDA-H1-177-prune #8) we observed the downregulated of Exostose 1 gene, a putative tumour suppressor (Fig. 2) . Hereditary multiple exostoses, a dominantly inherited genetic disorder, characterized by multiple cartilaginous tumors, is caused by mutations in members of the EXT gene family, EXT1 or EXT2. 25 The proteins encoded by these genes, EXT1 and EXT2, are endoplasmic reticulum-localized type II transmembrane glycoproteins that possess or are tightly associated with glycosyltransferase activities involved in the polymerization of heparan sulfate.
Interestingly, we found other two genes, correlated to motility, upregulated in the clone overexpressing h-prune and nm23-H1 with respect to nm23-H1 overexpressing alone.
The first gene encodes the dynein, light intermediate polypeptide 1 (DNALI1) (Fig. 2) . The motor protein cytoplasmic dynein is responsible for most of the minus-end-directed microtubule traffic within cells, obtaining from ATP hydrolysis to generate force and move in a step-like manner on microtubules. Dynein contains four evolutionarily conserved AAA (ATPase associated with various cellular activities) domains that are thought to bind nucleotide. Cytoplasmatic dynein is associated in vivo with vimentin intermediate filament and directly interacts with kinesin 1, coordinating motor activity. 26 Furthermore, in the MDA clone overexpressing h-prune we have found upregulated the pleiotrophin (HB-GAM) (Fig. 2) , a protein involved in tumor growth, in the regulation of cell motility 27 and in the activation of tumor angiogenesis. 28 The pleiotrophin (PTN) and the namely heparin-binding growth factors belong to the midkine (MK) family. Pleiotrophin is expressed in embryonic and early post-natal fiber pathways of the nervous system, and it enhances axonal growth/guidance by binding to N-syndecan (syndecan-3) at the neuron surface. Widespread deregulation of pleiotrophin and midkine is found in many known human cancers and derived tumor cell lines, and it is known that pleiotrophin block it tumor cell signaling, thus limited cell proliferation and tumor growth and metastasis in animal models. 29 Understanding the molecular mechanism of the cellular motility and deciphering which other partners are acting together with h-prune-nm23-H1 protein complex is now our major research direction. Certainly the above described breast carcinoma cellular model is our starting point to unravel new pathways correlated to cellular motility process and cancerogenesis. The cellular models presented here, will be a useful source to interpret the comprehensive protein networks responsible of cell migration, the first occurring event responsible of the enhancement of metastastic cellular processes.
